Highly toxic gases such as hydrogen sulfide (H 2 S), carbon dioxide (CO 2 ), and ammonia (NH 3 ) are generated by both nature and human activities and affect human health. In this research, activated carbon combined with Ca(OH) 2 and CaCO
Introduction
he release of anthropogenic toxic pollutants into the atmosphere caused by chemical reactions, the leakage of hazardous industrial gases, as well as the products from combustion reactions, are global risks that are of increasing concern. Common hazardous compounds such as NO , have an adverse impact on human health, and can even cause death. Therefore, it is highly urgent to find an effective way to dispose toxic substances. In this research, we selected three common toxic gases, hydrogen sulfide (H 2 S), carbon dioxide (CO 2 ), and ammonia (NH 3 ). H 2 S is a corrosive, poisonous, and odorous gas. NH 3 is another contaminant that is widely used in chemical and pharmaceutical industries for various applications, such as a fermentation agent, cleaner, and fertilizer. CO 2 is involved in the formation of photochemical smog and acid rain, which are major threats to the environment and human health. Among the many sources of air pollution, particulate matter (PM) is the one most generally noticed by the public. Particles with diameter < 2.5 μm (PM 2 . 5 ) have the ability to bind toxic compounds. Highly porous materials are a class that have received a lot of attention owing to their special structures, and may play an important role in the disposal of toxic substances. Moreover, there are various types of purification techniques used for the removal of gas compounds in the air-treatment industry. These treatment techniques include air stripping, 1 , 2 ) adsorption to activated carbon (AC), 3 ) and ozonation.
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Activated carbon is a term used to refer to carbon-rich materials that contain well-built internal pore structures. They can be used as absorbent materials because of their higher porosities. Moreover, a wide range of chemical functional groups present on the surface of AC makes it a versatile material that has numerous applications involving activation agents such as Na Activated carbons have been globally recognized as the oldest, widely used, and most popular adsorbent in water and air purification industries.
Calcium carbonate (CaCO 3 ), which is abundant in nature and exhibits good biodegradability and biocompatibility, is considered to be one of the most promising candidates for application in air treatment.
One of the widely applied strategies is to introduce organic additives and templates with functionalized patterns. Owing to the higher solubility of CaCO 
Moreover, the removal of toxic gas by using AC with CaCO are widely available, low cost, and non-toxic. Hydrogen and oxygen are the most abundant elements in the universe. Because of the possibility of synthesis by inexpensive and green methods, these materials can be chemically tuned with predesigned functional properties and, therefore, offer very high promise for future applications, e.g., biomedicine, electronic devices, solar energy, gas sensing, etc. The objective of this study was to elucidate the adsorption properties of NH by adsorption. The most important adsorption conditions that affect the adsorption process were also investigated. The adsorption behavior of toxic gases on modified AC can be considered to be mainly monolayer adsorption, and is related to the chemical functional groups on the surface of carbon, which have been identified by iodine absorption, BET, etc. . After that, the mixed solution was magnetically stirred for 5 h. The mixed samples were first dried in an air convection oven at 100°C for 6 h. About 1.5 g of the raw material were placed between the pistons in a dice and a mechanical pressure P was applied on them for 1 min by using an oil hydraulic machine. The pressure ranged from 0 to 98.1 MPa. After compression, the raw material ejected from the dice was in the form of a columnar pellet. The mechanical strength characteristics of the ACs prepared were determined according to ASTM D4179 and D6175, compliant for extruded pellet crushing strength, and according to ASTM 7084-04 for bulk crushing strength by using the Crush-BK instrument. The density was determined according to ASTM D2854-09. 
Experimental Procedure

Removal efficiencies of NH
where C NH 3 gas removal efficiency: (1) In the experiment for measuring the fixed bed adsorption capacity, standard harmful gas of a certain concentration was passed through a column packed with an adsorbent for its adsorption, and was periodically manufactured and sold at the gas outlet by GAS-TEC (Japan). The standard gas detection tube of measuring range dependent on the gas type (e.g., 1 to 240 ppm of H 2 S and 3 to 10 ppm of NH 3 can be measured) was used, and the breakthrough point was determined. H 2 S gas removal efficiency: In a fixed bed adsorption test, the standard obnoxious gas passing through the column filled with the adsorbent was adsorbed, periodically measured at the gas outlet depending on the gas type manufactured and sold by GASTEC (e.g., 1 to 240 ppm of H 2 S and 3 to 10 ppm of NH 3 can be measured in 4 L), and the breakthrough point was determined.
CO
The adsorption capacity of the produced AC was determined using a Setaram Setsys evolution thermogravimetric analyzer. In the adsorption experiment, 150 mg of the AC sample were placed in the analyzer, heated to 100°C in nitrogen atmosphere at the flow rate of 60 mL/s, and held at that temperature for 20 min. The temperature was then set at the desired adsorption temperature and dried CO 2 (99.85 vol.%) was introduced at the flow rate of 60 mL/s for CO 2 adsorption. After the adsorption stage, the gas was switched to pure N 2 flowing at the rate of 60 mL/s and desorption was performed (Fig. 1) . Adsorption capacity, measured in mL CO 2 /g AC, was used to evaluate the adsorbent. Removal efficiency by TPD: The column containing the sample was saturated with CO 2 , and all the gas physically adsorbed on the surface was removed by He, before the temperature was raised to 800°C to detect the amount of desorbed gas by using a thermal conductivity detector (TCD) that measured the converted signal.
Low-temperature adsorption method: For saturation adsorption, adsorption (3-4 h) of CO 2 at low temperature (−5-7°C) and measurement (2-5°C) at room temperature were performed to remove the supersaturated CO were characterized. Fig. 2 shows the XRD patterns of AC-CO and AC-CC samples, wherein an almost amorphous structure can be detected, with the main peak at around 25°t hat indicates the presence of some graphite.
Results and Discussion
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The corresponding XRD patterns of AC-CC are also shown in Fig. 2 . No matter what the morphologies of CaCO were, all the peaks can be indexed to calcite (JCPDS no. 05-0586). The sharp narrow diffraction peaks indicated that the as-prepared CaCO The SEM images of the AC-CO and AC-CC samples are shown in Fig. 3 . The surfaces of the samples have fairly similar morphologies, with cracks and voids present. The surfaces are heavily pitted, indicating that the samples are very porous. In addition, some nanoparticles (less than 500 nm in size) could be found on the surface of AC. The SEM images of the CaCO 3 particles are also shown in Fig. 3 . The results reveal spherical particles of sizes ~300 nm. To make it more persuasive, energy spectroscopy analysis was also performed to prove the existence of AC-CO and AC-CC (Fig.  4) . Elemental carbon existed in relatively high amounts.
Mechanical strength characteristics of ACs
During operation and loading in the adsorption columns, the mechanical strength of the composite material is very significant for its packaging and manufacturing.
The measurements of crush strength are intended to provide an indication on the ability of AC to maintain its physical integrity during handling and use. Failure of the AC in a fixed bed causes maldistribution of fluid flow (liquid or gas) and a large pressure drop through the bed, which result in low efficiencies of the sorption processes. Activated carbons are porous and full of defects, dislocations, and discontinuities in their bulk phase. Activated carbons are also typically brittle materials and, therefore, their failure is due to brittle fracture. The data obtained in this work (Table 1) are in agreement with those reported in the literature. 1 
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The results show that mechanical strength for crushing the AC pellets increased with increasing pyrolysis temperature, from 4 MPa at 400°C to 9.25 MPa at 750°C. This is due to the carbonization process, which increases in intensity with increasing temperature and leads to the uniformity of the structure into the resulting carbon that increases the strength.
BET surface area and iodine absorption
The BET surface areas and pore volumes of the ACs are summarized in Table 1 . The surface area of the sample prepared from AC-CO or AC-CC is noticeably higher than the raw material AC (AC-Raw). The AC-CO or AC-CC sample produced AC with the highest surface area. The micropore volumes of the ACs produced from Ca(OH) (Fig. 4) . The increased iodine sorption capacity observed in 20% AC-CO and 15% AC-CC despite a relatively lower specific sur- face area, compared to pristine AC, is indicative of a structural factor attributed to the pore shape and size of the highly porous AC.
Removal efficiency of H
2 S The experiments focusing on the effect of mole ratio of AC-CO or AC-CC on H 2 S removal efficiency and selectivity were carried out. As shown in Fig. 5 , the results indicate that irrespective of the mole ratio of AC-CO or AC-CC (15, 20, or 30%), the H 2 S removal efficiencies of 30% AC-CO and 30% AC-CC are always higher than those of 15% AC-CO and 15% AC-CC. Surface area played a significant role in simultaneous absorption of H 2 S. Moreover, 30% AC-CO showed the best absorption performance and maintained nearly 100% H 2 S removal efficiency within 30 min. Both the removal efficiency and selectivity increased with the increase in the ratio.
Ammonia gas removal efficiency
The adsorption capacities of NH 3 onto AC-CO or AC-CC (15, 20 , and 30%) were calculated by using the Langmuir and Freundlich adsorption equations. The Langmuir isotherm has the following form:
where q m a x is the adsorption capacity of the adsorbent toward a specific solute and K L is the adsorption affinity, a parameter that measures how strongly the adsorbate attaches to the adsorbent. One of the advantages of using the Langmuir equation for representing adsorption equilibria data is that it reduces to Henry's law at very low concentrations and corresponds to limit saturation capacity.
Langmuir model is one of the most widely used isotherm models for liquid phase adsorption data. In Fig. 6 , the parameter q m a x of the Langmuir equation represents the adsorption capacity of the adsorbent. The adsorption capacities of the adsorbents used in this study follow the order 30% AC-CO > 30% AC-CC > 20% AC-CO > 20% AC-CC > 15% AC-CO > 15% AC-CC ( Table 2 ). The mechanism of ammonium adsorption on 30% AC-CO is mainly physical adsorption (Van der Waals interaction), since the surface area of AC-CO is lower compared to those of 15% and 20% AC-CO or AC-CC, therefore, the uptake amount of ammonium on 30% AC-CO or AC-CC is lower than that of the other adsorbents. Moreover, AC-CO has the highest adsorption capacity possibly due to its highest BET surface area and a more developed porous structure. During the thermal process of the preparation of the composite, CO 2 gas has the role of an activating agent for AC-CO; at high temperatures, CO 2 becomes a reactive gas, and oxidizes a fraction of AC-CO in the composite structure, leading to opening of the existing pores and forming new micropores in the structure. With the increase in surface area and pore volume, the capability of the composite to attach more ammonium ions from the solution through Van der Waals forces also increased.
CO
2 adsorption capacity of ACs The CO 2 adsorption capacities for different molar ratios (15% and 20%) of AC-calcium derivative are shown in Fig. 7 . Fig. 7 and Table 3 present the CO 2 adsorption capacities measured at different temperatures (300-700°C) for the carbon activated for 3 h at 750°C. The results from Fig. 7 show that the adsorption capacity increases rapidly with increasing adsorption temperature. This is attributed to the typical process of physical adsorption, where both the surface adsorption energy and molecular diffusion rate increase with increasing temperature and, as a consequence, the adsorbed gas on the AC surface becomes unstable, resulting in the desorption of the adsorbed CO 2 molecules ( Fig. 8 and Table 4 ). However, the flue gas temperatures are typically up to 150°C and, therefore, it is necessary to develop sorbents that can be used at higher temperatures.
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